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The cutaneous distribution of lipophilic diphtheroids 
was determined in normal human volunteers. The or-
ganisms were found to be plentiful in moist regions 
(scalp, nares, axilla, groin, and toe web) and scarce in 
dry and purely oily regions. The lipid requirement, cel-
lular fatty acids, mycolic acid and cell wall diaminopi-
melic acid content of these lipophilic diphtheroids was 
compared to those of strains of Corynebacterium bovis, 
C. xerosis, C. diphtheriae, and C. minutissimum. Only 
lipophilic diphtheroids and C. bovis strains were found 
to have a strict lipid requirement. Lipophilic diphthe-
roids were found to have meso-diaminopimelic acid and 
corynemycolic acid in their cell walls, consistent with 
membership in the genus Corynebacterium. Lipophilic 
diphtheroids were also found to comprise a homogeneous 
group which was distinct from the speciated strains on 
the basis of cellular fatty acids and mycolic acids. 
A major co nstit uent of t he resident bacteria l flora on huma n 
skin is a poorly character ized group of aerobic diphtheroids 
com monly refe rred to as coryneforms. Many of t hese bacteria 
s how .a marked growth stimulation when lipid is added to 
culture media, a property which gave rise to t he current division 
of skin diphtheroids into " lipophilic" a nd "non -lipophilic" 
groups [1- 4]. While the taxonomic status of aerob ic diphthe-
roids re ma ins unclear , t he recent work of Pitcher and others 
indicates that t he ce ll wal l structure of skin diphtheroids is 
usua lly s imila r to known Corynebacterium strai ns with occa-
s ion a l isolates being s imilar to Breuibacterium strain s [5- 7] . 
Reliable ide nt ification to the species level has not bee n accom-
plis hed. 
Proper identification of t hese bacte ria is an essen t ial prereq-
uisite to understanding the role of ae robic diphtheroid bacteria 
in a variety of common skin infections. These orga nism s h ave 
been implicated in tr ichomycos is ax illaris, erythrasm a, pitted 
keratolysis, and interdigita l athlete's foot [2 ,3]. I t is not known 
whether diphtheroids recovered from these conditions are n or-
ma l residents which act in a pathogenic manner or whether 
colo nization with more pathogen ic strains results in disease. 
M ore recently, diphtheroids which are res istant to many anti-
biotics, "JK bacteria," ha ve been recognized as a n important 
cause of sept icemia in neut ropenic pat ients [8] . It is not known 
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whether JK bacteria are normal resident diphtheroids t hat 
have acquired res istance or are exogenous pathogen s. 
Previous studies indicate that the so-called lipophilic diph-
theroids are the most frequent coryneform isolates from human 
skin, and that primary sites of isolation are t he moist regions 
of the s kin surface [2,3,9] . Attempts to classify t hese organisms 
using conventional biochemical techniques have suggested 
some s imilarity to strains of C. bouis and C. xerosis [3,10] 
In this study we ha ve cultured multiple body sites of a large 
group of individua ls and identified t he habitat of skin "lipo-
philic diphtheroids." We have also studied the cellular fatty 
acids, mycolic acids, diaminoacids, and conventional biochem-
ical reactivities of t hese orga nis ms and compared t hem to 
recognized Corynebacterium species. 
MATERIALS AND METHODS 
Skin Sampling 
The population studied consisted of 25 male and 25 fema le nonin -
stitutionalized stude nt volunteers, 18- 28 years of age, who had no 
evidence of skin disease and were taking no antimicrobial medication. 
The modified detergent scrub method (11) was used to quantify the 
aerobic bacterial populations of the forehead, forearm, axilla, groin, 
and anterior nares. Samples were serially diluted, plated upon the 
appropriate media, and cul tured at 37"C for 4 days [2]. All colony types 
were Gram- and ac id fast-stained and plated upon blood agar and on a 
medium consist ing of trypticase soy agar (BBL, Becton Dickinson) 
with 5% sbeep blood, 0.5% yeast extract, and 0.5% Tween-80 (8-80) 
to test for lipophilicity. Gram-positive, non-acid-fast diphtheroid iso-
lates showing an increased colony size on 8-80 were labeled "lipophilic 
diphtheroid." All others were grouped as nonlipophilic diphtheroids. 
Bacterial Strains 
C. bovis strains 13722 and 7715 were obtained from the American 
Type Culture Collection (ATCC), and strain 151 was provided by W. 
C. Noble, St. John's Hospital, London, England. C. bovis strains 1682, 
1930, 1932, 2626, and 2629 were obtained from the National Collection 
of Dairy Organisms (N .C.D.O) , Reading, En·gland. C. minutissimum 
strains 23349, 23348, 23347 were obtained from the ATCC. C. xerosis 
373, 7711, 9016, and 7094 and C. diphtheriae 19409, 8032, 6028, and 
8024 were also obtained from the ATCC. Twenty- fi ve isolates chara-
terized as lipophilic diphtheroids based on colonial morphology, gram-
stain morphology, ac id -fast stain, and lipophilicity [10] were obtained 
from the 50 patients. All isolates were confirmed to be facultative 
aerobes, gram-positive non-sporeforming non-acid-fast rods by conven-
tional methods. Unless otherwise spec ified, bacteria were grown on 8-
80. 
Lipid Requirement 
The effect of lipid on the growth of the diphtheroids was assessed 
by performing growth curves in a defined lipid-free medium containing 
(per lite r of distilled water): KH 2P0 4 , 13.6 g; (NH 4)z804 , 1 g; glucose, 
5 g; ferric citrate, 5 mg; phosphate-buffered saline wi th minerals (Flow 
Laboratories no. 19-600-54), 10 ml ; vitamin stock solution (Gibco no. 
11A6320), 10 ml ; amino acid stock solution (Flow Laboratories no. 16-
001 -49), 10 ml; biotin , 1 mg; and 0.2 g of L-asparagine, L-glutam ine, 
L-glycine, L-proline, and L-serine adjusted to pH 7.2; wi th and without 
added Tween-80 (0.5%) as the lipid source. Growth was assessed by 
counting viable bacteria [11] at various periods during incubation. 
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Biochemical T ests 
Biochemical tests were performed on washed 3-day-old bacteria, 
inoculated as 0.025 ml of a turbid (Macfarland #3) suspension in 0.15 
M NaCI. The o- nitropheny i -~-D-ga l actopyranosidase (ONPG ) hydrol-
ysis, ni t rate reduction, and urea hyd rolys is in Stuart's medium with 
s upplemental 0.5% Tween-SO, were performed acco rding to standard 
methods [12]. Producton of acid from ca rbohydrates was assessed at 
24 h in t he Rap id Microbiochemical (RM) medium of Thomson et a l 
[13] co nta inin ~ 0.5% Tween-SO. Catalase production was tested by t he 
s lide method [1. 2] on bacteria grown on blood-free trypticase soy agar 
with 0.5% Tween-SO. 
Cell Wall Fatly A cid and Mycolic Acid An.a/y.,is 
Bacteria grown on B-SO for 72 h were ha rvested, washed 3 times in 
physiologic sa li ne, and then lyophilized in wate r. Fifty milligrams of 
lyop hilized cells were treated wi th methanol/sulfuric ac id/toluene at 
105 ' C for 3 h [14 - 16]. The este rified fatly acids a nd mycolic ac ids were 
extracted wi th pentane and evapora ted to dryness. The residue afte r 
evaporation was silylated with Sylon BTZ (Supelco, Inc.) for 3 h at 
70 ' C. The s ilylated fatty ac id and mycolic ac id esters were analyzed by 
gas chromatography (Perkin -Elmer 3920) using a 15 m X 0.32 mm DB-
5 fused silica capillary column (J & W, Scientific Inc.) programmed at 
lOO"C (4 min) to 320'C at S' C/min . Retent ion times and pea k areas 
were determined using a SP4l00 (Spectraphysics, Inc. ) computing 
integrator. Areas for t he mycolic acids from C"z-"9 and from C3o-36 were 
gr o uped since some samples did not give a clear separation between 
t h e longer carbon chain lengths. 
T he ident it y of the fatt y ac id methyl este rs was co nfirmed by 
compariso n of rete ntion times with t hose of known standards (Supelco, 
Inc.) and both fatt y and mycolic ac ids were also identified by gas 
chro matography/mass spectrometry (Finnegan 4500) on a simila r cap-
illary column (25m x 0.32 mm Ca rbosii -S, Chrompack, Inc.). 
Analysis of Cell Wall Diamin.opimehc Acid (DAP) 
Approximately l 00 mg wet wei~h t of bacteria was harvested a fter 
72-h incubation on B-80 medium and mixed vigorously in 2 ml of 4% 
forma lin . T he bacteria were centrifuged at 1500 g for 10 min , washed 
in 1 ml distilled water, and resuspended in 1 ml distilled water. Cells 
were then disrup ted by ul trasonication for 2 min on ice and then 50 
J.Lg/rnl S treptomyces protease (S igma Chemica l Co.) was added. The 
mixtures were incubated overnight at 37'C, followed by centrifugation 
at 500 g for 10 min . The disrupted cells were washed twice in disti lled 
water and lyophilized. Lyophilized cell wa lls were hydrolysed at lOO' C 
with 0.5 ml 6 N HCl for 16 h. Afte r cooling t he contents were lil te red, 
evaporated to dryness in a vacuum oven, and the residue was suspended 
in 0.2 ml 10% aqueous propanol [5]. An a li quot of 2 pi of each 
preparation was spotted onto Whatma n no. 1 chromatography paper 
a nd the chromatograms were developed in the methanol:water:lO N 
H C l:pyridine (80:17.5:2 .. 5: 10) syste m of Rhuland et al [17] . 
RESULTS 
R ecove1y of Aerobic Diphtheroids from Human Shin 
Lipophilic diphthero ids were recove red fro m the anterior 
nares and perineum of nea rly every subject (92 % and 100%), 
from 66% o f axi llae and 48% of toe webs, wi t h the total number 
ranging from a m ean of 6.22 (log/em~ ) (when present) in t he 
toe web a nd 6.06 in t he perineum to 5.23 in t he anterior n a res 
and 4.66 in t he ax illa. The lipid -rich sca lp a nd forehead showed 
prevalence of 27 a nd 10%, and mean populations of 4.62 a nd 
4.22 log/cm2 . The arms a nd legs had prevale nce of 10 and 16% 
with a m ean of 2. 14 and 3.62 log/cm 2 (Table I) . 
Taxonomic Stu.dies 
Lipid require ment was assessed in a defined medium with 
and without Tween -80. Growth curves were performed a nd 
bacterial growth was quantified by counting colony-forming 
units (Fig 1). Strains labeled as lipophi lic diphthe roid displayed 
a n absolute lipid requirement for proliferation. Of the reference 
stra ins, 7 of 8 C. bovis required lipid for growth , with t he 
balance of refe rence strains (C. minutissimum , C. xerosis, a nd 
C. diphtheriae) s howi ng no growth difference in t he presence 
o r absence of lipid. 
Conventional biochemical tests of catalase, nitrate reductase , 
TABLE J. Prevalence and density of lipophilic diphtheroids from 50 
young healthy adults 
Aerobic flora Lipophilic diphtheroids S ite Density' Density Prevalence 
Sca lp 6.04 ± 1.13 4.62 ± 1.13 27% 
Forehead 6.27 ± O.S3 4.21 ± 1.26 16% 
Nose 5.S1 ± 0.75 5.23 ± 1.07 92% 
Axilla 5.36 ± 1.16 4.66 ± 1.48 66% 
Forearm 3.36 ± O.S4 2.14 ± 1.14 10% 
Perineum 6.63 ± 0.67 6.06 ± l.S7 100% 
Calf 3.44 ± 0.89 3.62 ± 1.87 16% 
Toe interspace 6.7S ± 0.76 6.22 ± 1.50 9S% 
• Number of bacteria exp ressed as t he loga ri t hm (base 10) ± SO. 
Lipophilic Corynebacterium Non-Lip o phili c 
Diphthero i d bovla Olp l'ltf\eroid 
0 l 5 5 0 , 
' 2 3 
DAY S 
FIG l. Growth curves with <••,__--••) and without (0 - - - 0) 
0.5% Tween-SO as a li pid source. 
TABLE II. Biochemical tests (number positive) 
Strains # CAT T SO ONPG NIT UR GLU MAL sue GLY STA 
LD 25 25 25 0 s 4 20 16 12 15 1 
CB 7 7 7 3 0 0 0 0 0 3 0 
CD 4 4 0 0 4 0 4 4 2 4 2 
CM 3 3 0 0 0 0 3 3 3 3 3 
ex 4 4 0 0 2 0 4 4 4 2 0 
# = number of st rains, CAT = catalase, T80 = requi rement for 
Tween-80, ONPG = orthoni t rop henolgatactosidase, NJT = ni t rate 
reductase, UR = urease, GL U = acid from glucose, SUC = acid from 
sucrose, MAL= acid from maltose, GLY =acid from glycerol, STA = 
hydrolys is of starch. 
ONPG hydrolysis, urea hydrolysis, starch hydrolysis, a nd pro-
duction of acid from glucose , m a ltose, sucrose, glycerol, or 
trehalose showed no consistent pattern of reactions for lipo-
philic dipht h eroid and C. bovis excep t that a ll were catalase 
pos itive. All of t he non -lipophi lic dipht hero ids' reaction s were 
con s istent with published values a nd were distinct from t h ose 
of lipophilic diphtheroid and C. bovis [10] . The results are 
presented in Table II. 
Analysis of cellula r fatty ac ids (Table III) revealed t hat 
lipophi lic diphtheroids had t he same distribution of cellula r 
fatty acid chain lengths as recognized species of Corynebacte-
rium [14,15 ]. Major differences in the quantitative content of 
C,6,o and C ,s, , fatty acids were present between lipophilic diph -
t heroids and C. bovis, C. xerosis, C. minutissimum, and C. 
diphtheriae. There was a n addit iona l major difference between 
lipophilic diphtheroids and C. bovis in t he conte n t of methyloc-
tadecanoic fatty acids. The standard deviation for each spec ies 
was small, indicating homoge ne ity of the strains tested. The 
non-lipophi lic strain of C. bovis had a unique fatty acid pattern 
with major a moun ts of C- 15 ac ids a nd only trace amounts of 
methyloctadecanoic acid. A sample gas chromatograph-mass 
spectro meter tracing for a lipophilic diph t heroid stra in is pre-
sented in Fig 2. 
Analysis of extractable mycolic acids (Table IV) showed that 
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TABLE III. M ajor cellu lar fatty acids(%) 
Strains ll 16: 1 16:0 18:1 
LD Ave 25 3.3 17.4 61.4 
SD 3.5 4.8 14.2 
CB Ave 7 10.6 15.4 32.0 
SD 2.4 1.0 6.3 
CD Ave 4 5.1 37.4 42.0 
SD 2.4 5.2 3.2 
CM Ave 3 3.7 35.4 46.4 
SD 0.3 1.6 3.6 
ex Ave 4 2.5 25.5 51.8 
SD 0.7 12.1 2.7 
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FJG 2. Reconstructed ion chromatogram of fatty ac ids (C 14_ 18) and 
mycolic acid derivatives from a representat ive lipophilic diphtheroid . 
TABLE IV. Cellular mycolic acids(%) 
Strains # c,2-29 c3o-3o SD" 
LD 25 10.3 89.7 4.2 
CB 7 87.7 12.3 4.5 
CD 4 27.0 73.0 5.9 
CM 3 8.3 91.7 5.8 
ex 4 18.6 81.4 6.2 
"=Standard deviation of ratios of (C22-2</C~o-3G) 
all species except C. bouis had predominantly C3o-36 mycolic 
acids (72 to 91 % ). C. bouis had 87% Cn -29· The SD of the tested 
strains was low, indicating that t he strains tested we re a ho-
mogeneous group . The nonlipophilic strain of C. bouis (ATCC 
13722) was tested and found to have no detectable mycolic 
acids. T he resul ts a re in broad agreement with t hose of Athalye 
et al [71-
Ana lysis of cell wa ll diamino ac ids revealed t hat all the 
strains had t he meso- isomer of DAP, except C. bouis ATCC 
13722 in which lysine was detected. 
DISCUSSION 
In t hi s study we have quantitatively dete rmined the preva-
lence and density of cutaneous lipophilic diphtheroids and 
found that t hese bacte ri a are more frequently recovered from 
moist areas (ante rior nares, ax illa, groin, and toe web) where it 
was isolated in high prevalence and density. Very few were 
iso lated from dry (arm and leg) and oily (forehead and scalp) 
regions. The low levels in t he dry and oily areas may possibly 
be accounted fo r by t ranslocation of t he organism from nearby 
moist areas. The correlation of recovery of lipophilic diphthe-
roids from moist areas para llels t he fi nding that covering a dry 
region with occlusive dressings results in a great increase of t he 
lipophilic diph theroid population wi t hin 48 h [2]. Since one of 
t he major effects of occlusion is an increase in the amount of 
water on the skin surface, t hese findings taken together suggest 
that moisture is an important ecologic determinant for lipo-
philic dip htheroids. 
It was also shown in t his study that lipophilic diphtheroids 
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isolated from human skin appear to be a homogeneous group 
with similar cellular fatty acids, mycolic ac ids, and diaminoac-
ids, that may be placed in t he Corynebacterium genus by virtue 
of t heir catalase pos it ivity, and content of corynemycolic acid 
and m-DAP in t heir cell walls. Moreover , t he lipophilic diph-
t heroids were found to be distinct from t he C. bouis and C. 
xerosis species and a lso from the infrequent human pathogens, 
C. diphtheriae and C. minutissimum. 
The previously reported lipophilicity of some skin isolates 
[1- 4] was found to be a strict requirement fo r lipid. This lipid 
dependence was shared by 7 of 8 C. bouis strains. T he exact 
nut ri t ional function of lipid is not apparent, but is sat isfi ed by 
Tween -80 concentrat ions as low as 0.01 %, suggesting that it is 
not used as a carbon source. It is not inconsistent that t hese 
lipid-requiring dipht heroids can grow slowly on media not 
specifically supplemented with lipid, such as b lood agar or 
trypt icase soy agar. This apparen t contradiction can be ex-
plained by t he ti nding t hat t here are t race amounts of lipid in 
most agar prepa rations (espec ia lly blood agar) and that extrac-
t ion of this lipid renders t he medium inadequate for t he growth 
of lipophilic diphtheroids (McGinley, unpublished observa-
tions). It is also not inconsisten t t hat these lipophilic organisms 
are scarce in lipid-rich sebaceous regions since t hey require 
only very low levels of lipid as a re presen t in all skin regions. 
As has been noted by other workers, we found that conven-
tional biochemical tests are not helpful in ident ifying lipophilic 
diphtheroids [3,5,6]. W e found t hat other t han catalase positiv-
ity and lipid requirement t here were no consisten t ly positive 
biochemical tests among lipophilic dipht heroids. 
In previous studies (where only biochemical reactivities were 
employed) , lipophilic diphtheroids have been held to be part ic-
ula rly s imilar to C. bouis [3] or C. xerosis [6]. In t his study 
lipophilic dipht heroid strai ns were found to have a strict re-
quirement fo r lipid and have nearly identical fatty acid and 
mycolic acid compositions, which were clearly distinct from C. 
bouis and C. xerosis strains. 
In t he course of t his study, we found t hat one of t he C. bouis 
strains, ATCC 13722, was non -lipid-requiring and had mark-
edly different cellula r fatty acid composition from t he other C. 
bouis strains. We were a lso able to confirm the findin g that t his 
strain contains lysine instead of meso-DAP [18]. We think it 
is probable t hat t his strain has been misclassified as has been 
suggested also by other workers [19,20] . 
T he lipophilic diphtheroids have been shown to be a homo-
geneous group composed of gram-posit ive aerobic non-spore-
formers t hat have cell wall meso-DAP and corynemycolic acid, 
which is characteri stic of the genus Corynebacterium [10] . In 
light of t he clear distinctions between lipophilic diphtheroids 
and classical species of Corynebacterium we believe t hat lipo-
philic dipht heroids may represent a distinct species. Should 
future studies confirm their uniqueness we suggest Cory nebac-
terium lipophilicus as a sui table name. 
The authors wish to t hank Dr. C. S. Cum mins of the Virginia 
Polytechnic Institute, Blacksburg, Virginia fo r advice on the manu-
script and Mrs. Arlene Foglia fo r valuable laboratory assistance . 
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